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FOREWORD 


The  work  described  in  this  report,  although  performed  by  ARA,  Inc.  under 
contract  to  the  U.  S.  Navy,  also  included  the  important  contributions  of  the 
U.  S.  A’my  Aviation  Systems  Command  and  U.  S.  Navy/Naval  Air  Development 
Center  personnel.  In  particular,  Mr.  Daniel  Sabo  was  the  AVSCOM  Project 
Engineer  who  directed  the  overall  effort  of  the  program  and  was  instrumental  in 
solving  many  of  the  interface  problems  of  the  crasbsurvivable  seat  wirh  the 
aircraft.  Mr.  Marvin  Schulman  of  the  U.  S.  Navy/NADC,.  was  not  only  the 
principal  technical  director  of  the  program,  but  conducted  all  the  dynamic  tests 
at  the  NADC  sled  and  drop  tower  facility.  Numerous  other  personnel  at 
ARA,  Inc.,  AVSCOM,  and  NADC,  contributed  measurably  to  this  program. 

Their  efforts  are  appreciated. 
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Final  Report  on 

"Armored  Crash- Worthy  Seat  for 
Fixed  Seat  Aircraft" 

I SUMMARY 

The  accelerations  which  can  occur  during  crashes  of  rotary-  and  light 
fixed-wing  aircraft  have  been  shown  to  be  injurious  or  fatal  to  human  occupants. 
Under  a joint  Army  and  Navy  program,  ARA,  Inc.  developed  a crash  survivabte 
seat  using  Government  Furnished  Equipment  in  the  form  of  an  armored  bucket, 
restraint  system,  and  cushions.  The  seat  system  was  designed  to  meet  as  many  of 
the  requirements  of  MIL-S-58095  (AV)  within  the  physical  limitations  of  existing 
space  requirements  in  present  helicopters.  Based  on  a maximum  of  8 inches  of 
vertical  stroke  when  the  seat  is  in  the  lowest  position,  the  seat  pan  accelerations 
were  witnin  the  tolerable  decelerations  for  the  95th  percentile  crash,  that  is,  a 
50  feet  per  second  crash  velocity  with  a triangular  deceleration  pulse  of  48  g’s. 

The  weight  penalty  of  the  crashsurvivable  armored  seat  compared  to  the 
existing  seat  in  the  UH-1  helicopter,  which  is  limited  to  crash  decelerations  of 
8 g's,  is  7-1/2  pounds.  By  modification  of  the  present  GFE  cushion  and  restraint 
system  in  the  UH-1 , this  weight  penalty  could  be  reduced  so  that  the  weight 
penalty  due  to  crashsurvivability  is  negligible. 

In  addition  to  meeting  the  crashworthiness  requirements  of  MIL-S-58095(AV/ 
all  of  the  required  environmental  tests  were  also  concluded.  The  results  of  all  the 
environmental  tests,  which  the  seat  successfully  met,  ore  summarized  in  this 
report. 
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ML  fNTROS'UOON 

THs  {isjstsrt  force*  duo  to  decelerations  which  occ<jr  during  a potentially 
urvIvcDt  ereah  of  rotary  end  light-flE$d-wing  military  aircraft  hove  often  b®®n 
found  to  be  injurious  or  fatal  to  flying  personnel.  The  Army,  Navy  and  Air 
force  have  been  seeking  an  attenuation  system  which  will  limit  these  impact 
forces  to  Hudson  tolerance  levels  and  increase  the  diance  of  crash  survivability. 
There  era  coses  where  seme  scats  in  military  light  aircraft  and  Kali  copters  have 
failed  In  accidents  In  which  the  integrity  of  the  fusslege  structure  which  surrounds 
occupants  wgs  rssinhiined.  in  order  to  alleviate  ths  forces  transmitted  to  occu- 
pants daring  a crash,  a shock  attenuating  sest-eecupant  system  is  ccm&idsred  to 
bo  necessary. 

The  Amy  hsi  studied  previous  crashes  and  consolidated  Hie  design  criteria 
cf  aircraft  structural  crashworthiness  end  cccupcnf  acceleration  environment  Into 
the  Crash  Survival  Design  Guide  ^ L Information  presented  In  this  design  guide 
will  be  used  fhroughouT  this  report.  From  collected  crash  da  to,  the  nlnoty- fifth 
percentile  (95th%)  crash  load  was  determined.  The  crash  puis®  wm  found  to  bo 
closely  a poors' mated  by  c triangular  pulse.  The  human  injury  level  is  in  genera! 
well  b®lew  tfse  posh  loads  sustained  dicing  a crash.  The  ability  to  reduce  m« 
crash  load  to  the  human  tolerance  lev®!  w»ith  minimum  structural  weight,  cost 
and  long  term  reliability  ere  ell  factors  considered  important  by  the  Army  in 
their  design  guide. 

Tha  pm«rst  report  Is  a summary  of  the  work  dons  und®r  Contract 
N622&9- 72- C-C457  in  developing  an  armored  enargy  attenuating  crewmen  seat 
for  fixsd  seat  eircraft.  The  description  of  the  bucket  and  frame  support  system 
is  given  In  SsstSsn  II.  A two- dimers  Jena  I mcdhamcHosI  modal  far  dovotoom.g 
tba  design  and  mathematical  analysis  ef  ths  seating  system  was  davsiepsd. 
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The  analytical  remits  of  the  dynamic  response  to  various  impact  conditions  are 
described  in  Section  111.  The  loads  obtained  from  the  dynamic  analysis  were  used 
to  evaluate  the  stress  and  size  of  the  frame  members.  This  stress  analysis  is 
presented  in  Section  IV.  The  next  two  sections,  namely  V ard  VI  describe, 
respectively,  the  results  of  the  developmental  dynamic  tests  and  the  environmental 
tests  of  the  seat  system.  Upon  comoletion  of  ARA's  test  program,  prototype  units 
were  delivered  to  NADC  for  evaluation.  These  prototype  units  incorporated  all 
structural  changes  required  by  the  ARA  test  program.  Section  VII  describes  the 
results  of  the  NADC  acceptance  test. 

III.  GENERAL  DESCRIPTION  OF  SEATING  SYSTEM 

The  assembled  configuration  of  the  armored  seat  and  supporting  frame 
structure  is  shown  in  Figures  I through  3 and  the  engineering  top  assembly  drawing 
is  given  in  Figure  4,  ARA  Drawing  D-2387.  The  armored  bucket  is  attached  to 
the  upright  frame  through  a system  of  six  (6)  energy  absorbers.  The  energy 
absorbers  IE.  Ai  are  ARA's  velocity  insensitive  TOR-SHOKs  which  have  unique 
square  wave  load-deflection  characteristics.  During  an  impact,  the  stroking 
E/A's  attenuate  the  accelerations  experienced  by  the  pilot.  The  degree  cf 
attenuation  is  determined  by  the  combined  moss  of  the  seat  bucket  and  Dilot,  and 
the  preset  loads  in  the  E/A's.  The  final  E/A  loods  in  the  seating  system  were 
determined  by  the  dynamic  analysis  and  a series  of  dynamic  tests. 

The  purpose  of  using  a shock  attenuating  seat  frame  is  to  limit  the  maximum 
G load  experienced  by  the  pHot  to  within  the  human  maximum  allowable  level. 

In  the  dynamic  analysis,  the  pilot  and  the  bucket  ore  treated  as  a single  rigid 
body  and  this  combined  body  sustains  about  holf  the  G load  of  the  inout  peak 
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G In  the  trl®Ss3«Jcr  pclta  In  tha  vartled  Impact,  The  5th  and  9«th  psrcentile 

pilot  were  u^sd  In  tha  dvftsj :lc  cctslyds  £?d  hSo  95th  psresnHU  pilot  wcs  i««d  In 

tfea  dynssslc  tests.  Sines  tba  human  bsdy  con  td crate  higher  G leads  In  th« 

hsriss^I  dlrastfon  than  In  Hva  vertfcd  direction,  and  the  dr  craft  crash  data 

■hows  theta  (pester  pssk  G Impdse  e>d*ts  In  the  vertical  direction,  the  present 

••eHng  system  Is  primarily  designed  such  that  the  energy  cfeesrbers  bring  the  seat 

to  rest  In  a centred  led  attenuation  rate  In  the  case  of  the  most  severe  vertfed 

Impact.  Reference  1 tJisws  that  the  Impact  G load  In  horizontal  crsiha*  Is  within 

human  tolerance.  Tberefero,  the  attenuation  system  In  the  horizontal  direction 

It  designed  to  minimi so  the  structural  wcfgM  of  the  frame  system.  The  dynamic 

analysis  for  the  horlsontol  Impost  csss  allows  far  this  epHmlssHon  while  the 

hari&s»tel  sled  test  cisJsnHotoa  the  structure!  Integrity  of  the  swt  system. 

The  weight  of  the  soot  frame,  Including  the  fc/A's  Is  approximately  30 

pstmh,  which  ft  a dscraose  of  25  p&snds  over  the  previous  enwgy-sWanuaHrg 

121 

tost  designed  by  ASA,  ln«.  ' 1 . The  dscrg3®3  In  weight  Is  attributed  to  re- 
arranging the  E/A's  and  modifying  the  back  front®.  The  two  main  varHcd  tubes 
which  represent  the  mo  jar  structural  msmbors  hove  been  reduced  In  height  from 
35-1/2"  to  20".  The  new  design  Is  much  mere  compact  end  stlffsr  then  the 
previous  am,  and  yat.  Is  only  7-1/2  paunds  heavier  than  the  non-onergy- 
efcacrblrg  frame  used  In  currant  fixed  s eat  aircraft.  The  seating  system  Is  placed 
on  rails  with  16-Inch  centers,  which  is  compatible  with  most  current  Axed  seat 

-» ft 

wsCTViTs 

The  adapter  brackets  for  currant  Axed  scat  aircraft  armored  ceramic 
buckets  have  bean  designed.  Iking  the  existing  hole  pattern,  they  arc  used  to 
mount  necessary  devises  end  hsrdwaro  for  attaching  the  Inertia  red,  seat  belt 
end  I/A  members.  In  the  ev®nt  that  e now  byebst  is  fabricated,  the  hole  pattern 


In  the  bucket  iliouid  be  modified  to  eliminate  the  me  of  those  odapter  brackets. 

The  range  of  vertical  and  horizontal  seat  odjustments  which  meet  the 
requirements  of  Military  Standards  M! L—  STD—  1 333  and  Ml L-S- 58095  (AV)  Is  shown 
In  Figure  5.  The  4-way  scat  adjustment  is  for  the  5th  through  95th  percentile 
pilot  population  end  provides  a 5-inch  vertical  adjustment  and  a 3-inch  fore-ond- 
oft  adjustment  In  Increments  of  1/2  Inch. 

IV.  DYNAMIC  ANALYSIS 

The  three  most  Important  dejyees  of  freedom  in  defining  the  motion  of  the 
crewmen  seat  during  a symmetric  crash  are  pitching,  fcns’crd  and  vertical  move- 
ments. They  constitute  the  main  limiting  factors  in  determining  the  E/A  stroking 
forces.  The  computer  code  to  analyse  this  threp-dimeralona!  dynamic  response 
of  the  seat  ana  pilot  Has  been  developed  previously  by  ARA,  Inc.  under  Navy 
Contract  NC01 56-71  -C-0890.  The  geometry  and  loading  conditions  were  assumed 
to  be  symmetric  with  respect  to  a plane  passing  through  th«  seat's  CG  end  ,'cxe- 
and-aft  axis.  This  computer  program  was  used  to  calculate  the  Initial  value  for 
the  E/A  stroking  farces  and  to  locate  tfes  optimum  E/A  positions  for  the  presert 
seating  system.  The  detailed  formulation  of  this  two-dimensional  crewman-seat 
model  Is  given  In  Reference  3.  The  following  assumptions  arc  made  in  the 
mathematical  medal: 

(1)  The  pilot  and  bucket  are  treated  as  a single  rigid  body. 

(2)  Elastic  deformation  of  the  seat  frame  Is  small  and  negligible 

when  compared  to  the  E/A'%  stroking  distance. 

(3)  The  pilot  and  the  seat  system  are  symmetric  with  respect  to 

the  vertical  plane  paging  through  the  scat's  CG  and  the  fore-and-aft 

axis. 
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The  factors  which  effect  the  firwl  design  of  the  enargy  absorbing  system 
include  the  Input  pulse,  the  effective  occupant  weight,  the  weight  of  the  movable 
part  of  the  seat,  the  characteristics  of  the  seat  cushion,  and  the  available  stroke 
distance.  A typical  impact  pulse  used  in  the  dynamic  analysis  is  shown  in  Figure  6. 
The  vertical,  horizontal,  and  oblique  impact  decelerations  with  magnitudes  as 
suggested  In  Reference  1 were  performed  in  the  computer  simulation  when  the  seat 
was  at  the  uppermost  position.  Table  1 summarizes  the  astsiytical  results  obtained 
for  the  displacement  and  resulting  G load  experienced  by  the  combined  pilot- 
seat  moss  for  three  design  Impact  pulses.  The  95th  percentile  pilot  was  used  to 
establish  the  worst  impact  condition  imposed  on  the  testing  system.  The  pilot- 
seat  weight  configuration  Is  summarized  In  Table  II.  It  should  be  noted  that  the 
effective  weight  of  a seated  occupant  as  suggested  in  Reference  1 has  been  used 
in  computing  the  responses  for  the  vertical  impact. 

During  the  study  of  the  motion  of  the  seat,  several  dynamic  character- 
istic* pertinent  to  the  design  of  the  E/A's  were  observed  for  all  loading  conditions. 
The  bottom  E/A  was  often  in  compression  during  the  impact.  In  order  to  limit  the 
amount  of  seat  pitching  and  to  maintain  a minimum  clearance  between  the  seat 
bottom  and  ths  supporting  frame  structure,  the  bottom  E/A  was  allowed  to  stroke 
In  tension  only.  For  the  case  of  vertical  impacts,  the  middle  E/A  dominates  the 
energy  absorbing  capability  of  the  system.  It  was  found  that  the  final  vertical 
displacement  of  the  seat  varied  approximately  linear  to  the  force  setting  of  Hie 
i middle  E/A,  If  the  allowable  vertical  displacement  is  known,  the  force  setting 

of  the  E/A  can  be  easily  determined.  For  the  present  design,  the  available 
maximum  vertical  stroke  distance  is  approximately  8 to  8.5  inches.  For  me 
horizontal  impact,  it  was  observed  that  the  top  E/A  plcys  the  most  important 
role  liMs^^mizing  the  pitching  response  of  the  seat.  The  force  setting  of  this 
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Figure  6.  Typical  Impact  Pulse 
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S/A  was  to  chosen  such  that  the  maximum  angsrlar  pitch  angle  of  the  seat  wot 
limited  to  18  &££’<*&. 

THa  gsaeirstry  of  the  final  teat  configuration  with  E/A't  b shown  In 
Figure  7.  The  force  setting  of  E/A't  and  the  stroking  responses  due  to  three 
deslp>  Impost  pulse*  are  given  In  Table  III.  The  attenuated  G load  experienced 
by  the  pilet-roit  tingle  rigid  body  with  the  5th  end  95th  percentile  pilot*  for 
different  Impacts  ore  thor  n in  Figures  8 through  10.  The  final  displacements  of 
the  Met  for  the  95th  pare  an  tile  pilot  are  shown  In  Figures  11  through  13.  For  a 
vertical  crash  pulse.  Figure  8 shows  that  the  95th  percentile  clothed  pilot 
experiences  on  average  deceleration  of  1 6-1/2  G and  the  5th  percentile  clothed 
occupant  experiences  approximately  a 20  G average  deceleration.  Thug,  tba 
present  testing  system  meets  the  requirement  of  Section  6.3.9  of  MIL-S- 58095  (AV) 
for  the  5th  through  95th  percentile  occupants.  Figurr  1 4 combines  the  average 
reclames  of  the  present  analysis  with  that  of  Figure  1 2 in  MIL- 58095  (AV). 

This  figure  clearly  shows  that  the  occupants  do  not  experience  acceleration  with 
plateaus  lasting  longer  and/or  greater  in  magnitude  than  the  values  represented 
by  the  maximum  acceptable  acceleration  duration- magnitude  curve  given  in 
Figure  12  of  MIL- S- 58095  (AV).  if  a boron  carbide  bucket  hod  been  meo  in  this 
analysis  such  that  the  bucket  weight  would  have  been  reduced  by  25  pounds,  then 
the  difference  between  the  5th  and  95th  percentile  verticol  responses  would  have 
been  lergor.  On  that  basis,  the  5th  percentile  would  hove  exceedod  the  foteranc® 
level  of  M1L-S-5S095  (AV).  In  order  to  reduce  the  response  for  the  5th  percentile, 
then  a larger  stroke  wouid  be  required  for  the  95fh  percentile,  requiring  a bole 
in  the  floor.  Thus,  the  optimum  :©at  Is  not  necessarily  the  one  with  the  llgntcst 
busfest  from  the  standpoint  of  either  stroking  rcqwi rements  or  cost. 
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It  b Important  to  not*  that  the  pilot-bucket  response  curve  shown  in 
Figure  8 He#  tin  ten*  general  i bap*  as  the  curve  of  the  optimum  energy  absorber 
reoffmsnendsd  In  References  4 ond  5.  Due  to  the  transient  response  of  the  occupant, 
on  optimum  energy  absorber  would  be  required  to  deflect  at  a higher  force  level 
early  In  the  ieeiect,  and  then  yield  at  a lower  level  when  occupant  constraint 
force  develops.  This  is  to  control  the  phenomenon  known  as  dynamic  overshoot 
of  the  occupant  relative  to  the  teat.  One  of  the  mo  [or  assumptions  mode  in 
constructing  the  mathematical  model  in  the  dynamic  analysis  was  that  the  pilot 
and  the  bucket  were  treated  as  a simple  rigid  body.  If  further  dynamic  analyses 
should  bo  required,  the  mats  model  should  be  revised  to  study  the  dynamic  over- 
shoot and  to  reflect  the  relative  motion  which  exists  between  the  pilot  and  me 
seat  bucket. 

In  oddltion  to  calculating  the  dynamic  response  of  the  pilot-soot  rigid 
body,  the  computer  program  also  calculated  the  dynamic  loods  applied  to  the  seat 
supporting  frame  during  the  impact.  It  Is  these  loads  that  were  used  to  a.-xslyze 
tha  stresses  and  to  determine  the  size  of  the  various  numbers  of  the  seat  frame. 

The  stress  analysis  is  discussed  In  the  following  section. 

V.  STRESS  ANALYSIS 

The  design  loads  of  the  frame  members  were  obtained  from  the  dynamic 
analysis  described  In  the  previous  section.  The  detailed  stress  analysis  is  given 
In  Appendix  A.  Unless  otherwise  stated,  a safety  factor  of  1.5,  relative  to  the 
yield  strength  of  the  material,  was  used  in  designing  all  load  carrying  members 
of  the  supporting  frame.  This  safety  factor  was  chosen  because  some  uncertainty 
exists  in  the  prediction  of  the  dynamic  loods  due  to  the  Idealized  assumptions 
made  in  the  analytical  model,  in  oddltion,  loods  used  herein  reflect  only  rhe 
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ijmmIHc  loading,  which  may  ba  Inadequate  when  the  load*  due  to  coupling 
between  the  jyramstric  and  anti -symmetric  conditions  ere  Introduced.  A tafcty 
foe  tor  Ids  then  1 . 5 I#  ©seated  In  the  final  design  of  certain  membsrs  only  whan 
the  lecds  ora  efcsarly  doflnsd  or  ere  non- critical. 

Except  for  the  sliding  rolls,  alloy  steel  A! 51  4130  heat-treated  to  an  ultimate 
strength  of  180,000  pet  wo  used  In  most  of  the  structural  critical  ports.  Far  non- 
crlHcal  parts,  low  carbon  steel  101 8 was  used.  The  bottom  rails  were  mode  of 
aluminum  alloy  7075- T6  because  of  Its  excellent  mocW nobility  ond  If^M  weight. 

The  design  mechanical  properties  presented  In  Tables  2. 3. 1.1  (a)  and  3. 2.7.0  (f) 
of  MIL  Hand  bock  5 ware  used  for  the  materiel*  mentioned  above.  For  steel  joints 
woldod  after  h®st  treatment,  Tcb!  es  8. 2. 1 . 1 .2  (a)  and  (fc)  of  MIL  Handbo&k  5 
were  used  for  the  aJIcwcblo  strength  near  the  weld.  For  material  heat  treated 
after  welding,  >be  oHowdsJa  strength  In  the  porent  metal  near  a welded  joint  was 
taken  to  be  eqwsh'  to  the  allowable  strength  for  the  material  In  the  heat-treated 
condition. 

In  some  cases  where  MIL  Handbook  5 denotes  only  the  ultimate  strengths, 
the  corresponding  yield  strengths  of  AI5I  41  30  as  given  In  Table  2.3. 1. 1.  (a)  of 
the  same  handbook  are  used.  The  yield  strength  In  shear  Is  also  ossa’ssd  to  be 
equal  to  the  ultimate  strength  In  shear  multiplied  by  the  ratio  of  yield  strength 
ond  ultimate  strength  in  tension. 

The  engineering  data  on  the  response  of  the  present  energy-absorbing 
crew  soot  system  to  various  typos  of  impact  Is  limited.  In  designing  this  seat 
frame  structure,  some  conserve tive  engineering  judgements  have  been  used.  As 
more  of  engineering  data  of  the  seat  becomes  available,  It  will  be  possible  to 
refine  the  system  arvd  use  lower  factors  of  safety  in  its  design.  This  would  result 
in  a lower  weight  structure. 


VI.  DEVELOPMENTAL  DYNAMIC  TESTS 

Upon  completion  of  the  design,  complete  seats  were  fabricated  and  tested 
on  the  ARA,  Inc.  drop  tower  and  sled  facility.  The  major  accomplishments  of  this 
phase  of  work  were  the  verification  of  the  structural  integrity  of  the  seat  frame 
and  the  establishment  of  the  proper  E/A  loads  for  meeting  the  performance  speci- 
fications of  MIL-S-58095  (AV). 

A photograph  showing  the  position  of  the  seat  and  dummy  prior  to  a drop 
tower  test  is  given  in  Figure  15.  A 95th  percentile  male  dummy  was  placed  in  the 
seat  and  the  seat  was  then  positioned  in  its  rearmost  horizontal  location  and  its 
uppermost  vertical  location.  The  uppermost  vertical  location  was  chosen  as  it 
results  in  the  maximum  loads  applied  to  the  seat  frome  during  an  impact.  All  £/ A 
lengths  and  the  seat's  location  relative  to  the  floor  and  frame  were  measured.  The 
drop  platform  was  then  raised  to  the  desired  height  and  released.  The  G load  on 
the  seat  frame  was  controlled  by  four  large  E/A's  positioned  at  the  bottom  of  the 
drop  tower.  After  the  impact,  the  lengths  of  all  E/A's  and  the  relative  position 
of  the  seat  were  again  measured.  The  difference  between  the  initial  and  final 
positions  is  the  motion  of  the  seat. 

Two  drops  were  performed,  1A  ond  IB.  After  measuring  the  final  position 
of  the  seat  at  the  end  of  the  test  1 A and  without  repositioning  the  seat,  the 
platform  was  raised  again  to  the  desired  height  and  dropped  constituting  test  IB. 

In  the  test  1 A,  only  one  accelerometer  was  mounted  on  the  platform  to  record  the 
impact  pulse  on  the  seating  frame.  An  additional  accelerometer  was  mounted  on 
the  bottom  panel  of  the  bucket  in  the  test  IB.  Two  switches  at  6"  apart  were 
located  right  near  the  impact  point  so  that  the  actual  impact  speed  could  be  found. 
Table  IV  summarizes  the  impact  and  responses.  It  should  be  noted  that  the  responses 
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Table  IV.  Summary  of  Drop  Tests. 


Drop  Test 

u 

IB 

Remarks 

|Dro©  Weight,  lb. 

■830 

- 

830 

t 

| 

Drap_Haichi,  iru. 
Stortc  E/A  force  In 
Bottom  Platform  , lb. 

1 

84 

27200 

. 

86 

27200 

I 

Measured  Input 

■ 

: 1 

[Bottom  Platform  Movement,  in 

f 

1.4 

| 

i 

iUme  to  First  Switch,  tec. 

0.656 

0.656 

| Tiirut  ht  Wt-<w<  Switch,  mrr 

. IL681 

- 0.681  j Data  Trace  Reading 

1 

jlnputr  Pulse  Deration,  sec. 

1 

0.021 

; 0.021 

1 

[inpsfc;  Pols®  Peak  G 

(Theoretical  Impact 
(Speed,  ft/ sec 

[Actual  Impact  Speed,  ft/sec. 

53.0 

< — 

21.2 

• -- 

20.4 

57.0 

21 . 4  

20.4 

Calculated  from 
Drop  Height 

Calculated  from  Distance 
i Between  Two  Switches 

[Input  Pulse  Average  G 

uNSRP  Displacement, 

; Horizontal,  in 

i 30.2 

? 

1.30 

30.2 

i -• 

0.05 

Calculated  fm.impac^Spd. 
^ &.Duratien  of  heput  Pulse* 

i 

INSRP  Displacement, 
[Vertical,  in 

3.50 

1.43 

Initial  Thigh  Target 
[Angle,  deg. 

■Final  Thigh  Target 
[Angle,  deg. 

6 

) 

I2 

12 

17 

Measured  Responses 

i 

E/A  Stroke,  Top,  in 

0 

0.10 

. E/A  Stroke,  Middle,  in 

3,33 

1.40 

l 

j 5/A  Stroke,  Bottom,  In 

0 

0 

1 

1 

1 
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of  Hie  seat  in  tests  1A  and  IB  are  different  because  their  initial  positions  are 
afferent.  The  structure)  Integrity  was  maintained  during  the  two  dropi.  No 
simple  structural  failure  wo  detected.  The  4- way  lasting  adjustment  functioned 
property  after  the  teats. 

For  horizontal  impact  testing,  the  seat  was  furt  attached  to  a specially 
dtelgned  horizontal  impact  sled.  Figure  16  is  a photograph  showing  the  crew  scat 
attached  to  the  sled.  For  the  test,  the  sled  was  accsleratod  to  the  desired  velocity 
by  pushing  it  with  a truck.  At  a distance  of  1 20  feat  from  the  rigid  barrier,  the 
truck  was  braked  allowing  the  sled  to  roll  freely  the  remaining  distance  into  the 
barrier.  Sled  guidance  was  provided  by  connecting  the  right  front  wheel  of  the 
sled  to  a guidance  cable  and  a control  arm.  The  G- level  to  which  the  scat  was 
subjected  was  controlled  by  six  E/A'*  (AkA's  constant  force  TOR-SHOK  energy 
absorber)  mounted  on  the  front  of  the  sled.  As  in  the  drop  tests,  the  seat  was 
positioned  in  its  rearmost  horizontal  location  and  its  uppermost  vertical  location. 
All  E/A  lengths  and  the  seat's  location  relative  to  the  floor  and  frame  were  re- 
corded before  and  after  the  test.  The  motion  of  the  seat  is  then  the  difference 
between  the  initial  and  final  positions.  A 95th  percentile  male  dummy  was  used  to 
represent  the  pilot.  To  aid  in  the  interpretation  of  the  Impact,  high  speed  motion 
pictures  were  taken  during  the  test. 

A review  of  the  slow  motion  pictures  shows  that  the  impact  speed  of  the 
sled  was  53.3  ft/ssc.  The  sled  and  the  leat  were  subjected  to  a constant  27.4  G 
pulse  with  a duration  of  0.057  seconds.  Table  V summarizes  the  Impact  and 
responses  of  the  seat  during  the  sled  test.  It  was  observed  that  most  of  the  kinetic 
energy  of  the  seat  was  taken  out  by  the  top  E/A  members  as  expected  from  the 
dynamic  analysis.  The  left  side  panel  of  the  bucket  became  loose  but  remained 
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on  the  bucket.  The  fact  that  the  back  panel  of  the  bucket  bent  during  the  test 
indicates  that  the  pitching  of  the  upper  torso  due  to  the  flexibility  of  the  harness 
restraint  system  added  an  angular  acceleration  te  the  2 7 G horizontal  acceleration. 
Again,  no  structural  failure  in  the  seat  frame  was  detected  and  the  seat  adjustment 
Mechanisms  worked  properly  after  the  Impact. 

The  impact  at  a speed  over  the  required  oj  ft/sec  as  stated  In  Reference  I 
demonstrated  the  structural  integrity  of  the  crew  seat  frame.  The  basic  engineering 
concept  of  attenuating  the  G-load  experienced  by  a pilot  during  the  impacts  through 
the  use  of  a system  of  E^A’s  was  verified  by  this  series  of  vertical  and  horizontal 
impact  tests. 

VU.  ENVIRONMENTAL  TESTS  OF  SEAT  SYSTEM 

Prior  to  the  full  acceptance  of  any  crashworthy  armored  fixed  seat  for  in- 
stallation in  on  aircraft,  certain  environmental  tests  must  be  conducted  to  verify 
the  adequacy  of  the  seat  to  those  environmental  conditions  described  in 
Ml L-S- 58095 (Wand  MIL-STD-810B,  Not!  ce  i . Based  on  these  two  documents 
the  following  environmental  tests  were  conducted: 

A.  High  Temperature  Test 

B.  Low  Temperature  Test 

C.  Humidity  Test 

D.  Fungus  Test 

E.  Salt  Fog  Test 

F.  Dust  Test 

G.  Vibration  Test 

The  tests  were  conducted  by  Ogden  Technology  Laboratories,  Inc.  during 
q period  fesm  19  December  1972  to  23  February  1973.  A U.  S.  Government 
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Representative  witnessed  all  the  tests.  An  Ogden  prepared  rtperf,  No.  F-72683 
was  submitted  to  ARA,  Snc.  and  a copy  of  this  compete  report  is  provided  In 
Appendix  B.  In  summary,  this  report  states  that  the  teat  frame  completed  the  test 
program  without  visible  evidence  of  any  physical  damage  or  deterioration.  After 
the  teat  hod  experienced  oil  the  environmental  tests,  each  TOR-SHOK  wot 
activated  individually  and  the  running  loads  on  each  west  found  to  be  within 
- 7%  of  the  loads  measured  originally  prior  to  the  environmental  tests.  Based  on 
these  measurements,  the  seat  frame  assembly  met  ell  requirements  of  MiL-$-58095(AV^ 
and  MIL- STD- 81  OB,  Notice  1.  Finally  It  should  be  nof®d  that  In  order  to  meet 
the  vibration  test  requirements,  a complete  scat  assembly  using  the  armored  bucket, 
and  restraint  system  as  well  as  an  anthropormorphlc  dummy  was  utilized  in  the  test 
to  properly  simulate  the  loading  conditions  on  the  frame  assembly. 

Vlll.  SUMMARY  OF  NADC  ACCEPTANCE  TESTS 

Crash  load  tests  of  pilot  and  co-pilot  models  of  the  crashworthy  armored 
seat  were  conducted  at  the  NAVAIRDEVCEN  (Naval  Air  Development  Center) 
horizontal  accelerator  and  drop  tower  facilities  located  at  Philadelphia,  Fa. 

"A  95th  percentile  ballasted  anthropomorphic  dummy  (Alderion  CG95QA) 
weighing  213.5  lbs.,  with  flight  suit,  APH-5  helmet,  and  shoes,  was  used  for  all 
tests.  The  restraint  system  consisted  of  a conventional  3 inch  wide  lap  belt 
(Type  IV  per  MIL-W- 25361,  modified  to  facilitate  attachment  of  the  belt  directly 
to  the  bucket),  and  1-23/32  inch  wide  shoulder  straps  (Type  VIII  per  MIL-W-4088). 
The  major  modification  to  the  lap  belt  was  the  location  of  the  belt  length  adjusters 
near  the  attachment  release  bucket  at  the  center  of  the  lap  belt. 

Monitored  data  included  input  acceleration  at  the  drop  tower  base  or  sled 
deck,  input  acceleration  at  the  seat  mount  plate,  triaxial  dummy  and  seat 
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accelerations,  end  selected  energy  attenuation  loads.  " 

During  the  drop  tower  tests  a modification  to  the  upper  TOR-SHOKs  were 
required  in  order  to  prevent  the  seat  from  bottoming  out  on  the  deck.  The  modifi- 
cation consisted  of  placing  "stop"  rings  on  the  outer  and  inner  tubes  of  the 
TOR-SHOKs.  With  this  arrangement  the  upper  TOR-SHOKs  could  not  break 
loose  as  was  evidenced  during  Test  1 and  Test  2 on  the  drop  tower.  Once  the  rings 
were  Installed,  the  two  drop  tower  tests  ware  repeated  and  the  seat  operated 
properly. 

During  the  sled  tests  the  rod  ends  attached  to  each  end  of  the  TOR-SHOK 
were  failing  due  to  improper  heat-treat  of  the  body  portion  of  the  rod  end.  When 
all  of  the  rod  ends  were  reploced  with  properly  heat-treated  ball  Joints,  the  seat 
operated  as  designed  for  ail  of  the  sled  tests. 

A summary  of  the  test  acceleration  data  obtained  from  the  drop  tower  and 
sled  tests  is  provided  in  Table  VI.  Test  Nos.  1 A and  2A  represent  the  two  drop 
tower  tests  with  the  upper  TOR-SHOKs  modified  with  the  "stopping'VIngs. 

Tests  38  and  4 represent  the  two  sled  tests  with  the  added  change  of  replacing 
the  rod  ends  on  all  TOR-SHOKs  with  properly  heat-treated  components.  Additional 
Information  is  provided  in  Table  VI!  for  the  same  four  tests  with  respect  to  the 
loads  and  masdmum  displacements  of  the  TOR-SHOKs. 

The  most  Important  acceleration  traces  are  those  associated  with  the 
combined  angle  drop  tasrer  test  {Test  *1  A).  The  acceleration  traces  for  this  case 
are  provided  In  Figure  17.  In  addition  the  associated  TOR-SHOK  force  measure- 
ments are  provided  in  Figure  18. 

A detailed  description  of  each  of  the  tests  has  been  summarized  in  a letter 
from  the  Commander,  Naval  Air  Development  Center  to  the  Commanding  General, 
U.  S.  Army  Aviation  Systems  Command.  "Eight  dynamic  tests  of  the  armored 
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Table  VII 


Figure  18. 


crashworthy  seat  were  conducted  from  10  April  1973  to  30  May  1973,  four  tests 
on  the  drop  tower  and  four  on  the  horizontal  accelerator.  The  seat  system  was  to 
be  qualified  in  accordance  with  MIL-$-58095(AV).  Two  objectives  were  required 
for  the  dynamic  tests:  (a)  no  loss  of  structural  integrity  of  the  seat  system,  and 
(b)  limitation  of  the  seat  pan  acceleration  to  a value  not  in  excess  of  human 
tolerance  to  vertical  acceleration.  " Excerpts  of  the  NADC  letter  to  AVSCOM 
concerning  the  tests  are  provided  herein  in  order  to  provide  detailed  information. 

A.  Combined  Angle  Drop  Tower  Tests  (1  and  1A) 

Photographs  of  the  installation  for  this  test  are  shown  in  Figure  19 
prior  to  impact,  and  in  Figure  20  after  impact.  "The  bucket  was  tested  in  the  full- 
down  position  and  rear  most  adjustment  with  respect  to  the  rails.  This  aft  horizontal 
position  was  used  for  all  subsequent  tests.  To  preclude  the  possibility  of  complete 
breakaway  of  the  side  panel  armor  from  the  seat  system,  the  following  modifica- 
tions and  precautionary  measures  were  taken  for  all  tested  seats:  (1)  The  aft 
side  panel  adjustment  hole  (position  used  for  all  tests)  was  reamed  out  to  a depth 
of  1/4  inch  to  insure  positive  locking  of  the  spring-loaded  adjustment  pin,  and 
(2)  a 3/16  inch  hole  was  drilled  in  the  side  panel  lip  to  permit  the  attachment  of 
a safety  line  which  would  preclude  breakaway  of  the  panel  but  not  affect  normal 
operation.  " 

"Test  1 resulted  in  stroking  and  separation  of  the  top  pair  of  TOR-SHOK 
E/A's.  Separation  occurred  at  the  end  of  the  impact  pulse  and  was  followed  by 
impact  of  the  right  forward  corner  of  the  bucket  with  the  deck.  The  pitching 
motion  of  the  bucket  caused  the  bottom  TOR-SHOKs  to  come  in  contact  with  the 
horizontal  adjustment  actuator  arm  deforming  it,  however,  the  seat  remained 
firmly  locked  in  position  at  all  times.  It  was  concluded  that  the  upper  E/A's 
required  a modification  to  keep  the  inner  and  outer  tubes  from  separating.  " 
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"Test  1 A a repeat  of  Test  1,  was  conducted  with  modified  upper  E/A's  which 
were  designed  so  that  they  would  not  separate  at  the  end  of  stroking" 

"The  bucket  impacted  the  deck  at  the  right  forward  corner.  Measured 
downward  deflection  of  the  seat  was  6-5/16  inch  on  the  right  side  and  4-5/8  inch 
on  the  left  side.  The  forward  pitching  motion  of  the  bucket  caused  the  bottom 
TOR-SHOKs  to  contact  and  deform  the  horizontal  adjustment  actuator  arm.  The 
seat  remained  firmly  locked  in  position  throughout  the  crash  test  with  the 
dummy  restrained  in  the  seat.  It  was  concluded  that  the  seat  met  the  intent 

of  the  Test  1 condition  of  MIL-S-58095(AV).  " 

/ 

B.  Vertical  Drop  Tower  Tests  (2  and  2A) 

Photographs  of  the  installation  for  this  test  are  shown  in 
Figure  21  prior  to  impact  and  in  Figure  22  after  impact.  The  bucket  was  tested 
in  the  full-up  position  and  rear  most  adjustment  with  respect  to  the  rails.  The 
vertical  input  crash  pulse  simulated  the  pulse  required  in  MIL-S-58095(AV). 

Test  2 was  conducted  with  a co-pilot  model  seat  using  the  unmodified 
upper  TOR-SHOK  E/A's.  "The  test  resulted  in  stroking  and  separation  of  the 
top  and  middle  pairs  of  TOR-SHOKs.  E/A  separation  was  immediately  followed 
by  bucket  impact  with  the  deck." 

Test  2A,  a repeat  of  Test  2 was  conducted  with  modified  upper  E/A's 
identical  with  those  used  in  Test  1 A. 

"Inspection  of  the  seat  after  the  test  showed  it  to  be  intact  and  firmly 
attached  to  the  fioor  track.  No  portion  of  the  seat  contacted  floor  structure 
and  the  dummy  was  restrained  by  the  shoulder  and  lap  belt.  Measured  downward 
deflection  of  the  seat  was  7-9/16  inch  on  the  right  side  and  8-1/2  inch  on  the 
left  side.  Because  of  the  large  vertical  displacement  resuiting  fiom  this  test 
condition,  the  top  TOR-SHOKs  made  contact  with  the  middle  TOR-SHOKs  during  seat 
stroke  and  were  indented.  It  was  concluded  that  the  sect  functioned  within  the 
design  specifications  and  withstood  the  vertical  crash  pulse.  Figure  23.  " 
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Figure  22.  Vertical  Drop  T, 
Configuration  After  !,n 


Figure  24.  Combined  Angle  Sled  Test  Configuration 
Prior  to  Impact 


C.  Combined  Angle  Sled  Tests  (3,  3A  and  3B) 

Photographs  of  the  installation  for  these  tests  are  shown  in 
Figure  24  prior  to  impact  and  in  Figure  25  after  impact.  The  seat  was  subjected 
to  the  Test  2 condition  of  Table  iV  of  MlL-5-58095(AV). 

Test  3 and  its  repeat.  Test  3A  resulted  in  the  failure  of  the  bucket 
attachments  to  the  TOR-SHOKs.  Specifically,  the  ball  joint  rod  ends  failed 
because  of  insufficient  heat  treatment. 

Test  3B  was  conducted  with  modified  rod  ends  rated  ot  11,000  lbs. 

"Inspection  of  the  seat  after  the  test  disclosed  that  the  port  side  rail 
partially  failed  in  Test  3B  just  before  the  end  of  the  input  pulse.  Analysis 
of  the  data  and  camera  coverage  indicated  that  the  threads  of  the  tiedown  bolts 
were  stripped  prior  to  the  shear  failure  of  the  rail.  Inspection  of  the  seat 
after  the  test  showed  that  it  was  intact  and  still  attached  to  both  rails..  The 
damaged  port  side  rail  warped  the  seat  so  that  the  right  forward  corner  of  the 
bucket  was  tipped  toward  the  deck.  The  dummy  was  fully  restrained  by  the  shoulder 
and  lap  belts.  It  was  concluded  that  the  seat  met  the  intent  of  the  Test  ^2 
conditions  of  Ml L-S-58095(AV).  Figure  26.  " 
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D.  Forward  Sled  Test  (4) 

Photographs  of  the  installation  for  this  test  are  shown  in 
Figure  27  prior  to  impact  and  in  Figure  23  after  impact. 

"The  seat  was  subjected  to  the  Test  *2  condition  of  Table  IV  of 
MIL-$-58095(AV).  The  bucket  was  tested  in  the  full-up  position.  Because  of 
the  failure  of  the  rail  mount  bolts  experienced  in  Test  3B,  the  coarse-threaded 
1/4  inch  bolts  were  replaced  by  MS- 20004  alien  bolts.  Inspection  of  the  system 
after  the  test  event  showed  the  seat  to  be  intact  with  the  dummy  restrained  by  the 
harness  straps.  The  cantilevering  action  o(  the  dummy  on  the  forward  edge  of  the 
bucket  plus  the  inertia  load  of  the  side  panel  assembly  were  sufficient  to  pull  out 
some  bolts  retaining  the  seat  back  to  the  right  side  and  rear  of  the  seat  pan.  Five 
bolts  along  the  right  inboard  side  of  the  seat  and  six  bolts  along  the  bottom  of  the 
seat  back  pulled  out  of  their  tapped  holes.  However,  the  seat  back  and  side  re- 
mained attached.  It  was  concluded  that  the  seat  met  the  design  specification  and 
performed  satisfactorily,  Figure  29. 11  This  was  the  last  test  conducted  by  NADC 
on  this  seat  program. 

In  summarizing  the  NADC  acceptance  test  program,  the  following 
general  remarks  are  provided  by  the  NADC  letter  report: 

"The  system  was  to  be  evaluated  in  terms  of  structural  integrity 
and  the  limitation  of  vertical  accelerations  on  the  seat  system  occupant.  Tests 
1 A,  2A,  3B  and  4 all  met  the  criteria  for  seat  structural  integrity  and  dummy 
retention. 

Although  no  test  resulted  in  the  breakaway  of  a component  from  the 
seat  system,  deceleration  of  the  bucket  in  Tests  1,  2,  3 and  3B  was  momentarily 
uncontrolled  due  to  previously  noted  failures.  The  bucket  impacted  the  deck 
in  Tests  1,  2,  1 A,  3,  3A  and  3B.  With  the  exception  of  Test  2,  the  bucket 
was  in  the  full-down  position  with  an  available  clearance  of  8 inches  for 


- 51  - 


Figure  27.  Forward  Sled  Test  Configuration 
Prior  to  Impact 


Figure  28.  Forward  Sled  Test  Configuration 
After  Impact 


vertical  stroking.  Aside  from  the  obvious  failures  in  Tests  1,  2,  3 and  3A,  it  was 
•sheeted  that  the  front  corner  of  the  bucket  would  contact  the  deck  during  the 
combined  angle  vertical  drop  test.  Past  experience  has  shown  that  the  combination 
of  pitch  and  roll  would  cause  an  asymmetrical  leading  on  the  system  resulting  In  the 
unequal  stroking  of  the  i/A't  forcing  the  front  side  edge  of  the  seat  to  tip  downward 
and  sideward.  Most  of  the  Input  energy  was  dissipated  during  the  movement  of  the 
seat  and  it  had  little  differential  velocity  in  relation  to  the  deck  when  it  mode 
contact.  For  those  tests  where  the  seat  contacted  the  deck  Hie  traces  Indicate  a 
short  duration  spike  wi  th  on  "overshoot"  acceleration,  in  all  cases  where  it  was 
concluded  that  tha  seat  performed  satisfactorily,  there  was  little  damage  to 
the  underside  gS  the  bucket.  Contact  of  the  seat  front  edge  with  the  deck  occurred 
during  Test  3B  because  of  the  partial  failure  of  the  track.  As  noted  previously, 
the  track  failure  was  attributable  to  the  use  of  improper  tiedown  nuts  and  bolts." 

" Throu^iout  the  test  program  the  side  armor  panels  were  retained  on  the 
seat.  Although  the  moveable  panel  was  released  from  its  upper  guide  bracket  in 
tests  1 A,  2,  3,  33  end  4,  restraint  was  still  provided  by  the  panel  mount  and  spring- 
loaded  adjustment  pin.  The  GFE  seat  cushions  identical  to  those  presently  being 
used  in  the  Army  UH-1  helicopter  armored  ct  aw  man  seat,  were  used  during  all 
testing.  The  one  piece  cushion  is  constructed  from  aluminum  tubing  welded  to- 
gether to  form  a frame,  Raschel  netting  is  used  as  the  crewnan  support  surface, 
inspection  of  the  frame  oftor  each  test  revealed  evidence  thot  the  dummy's  coccyx 
contacted  o portion  of  the  tubing  after  the  netting  supports  failed.  A two  piece 
cushion  has  been  proposed  os  a substitute  for  the  GFE  cushion.  It  is  constructed 
from  sheet  aluminum  bent  into  seat  and  bock  support  forms  and  Is  covered  with 
Raschel  netting.  “ 
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Measured  vertical  seat  accelerations  for  the  drop  tower  tests  indicate  only 
marginal  compliance  with  the  criteria  of  MIL- $-53095  (AV).  Figure  12  J 
MIL-S- 58095  (AV)  requires  the  limitation  of  vertical  seat  accelerations  to  23  G 
or  leu  for  all  durations  in  excess  of  .0058  seconds.  The  longer  durations  at  the  23  G 
level  for  Tests  1 A and  2A  ware  apparently  caused  by  the  "stop"  rings  in  the  upper 
TOR-SHOKs.  Although  the  «ew  TOR-SHOK*  result  in  higher  :oat  accelerations 
at  the  end  of  the  seat  displacement,  they  also  provide  a more  controlled  decelera- 
tion of  the  seat  since  the  bucket  is  always  supported,  even  in  the  event  of  100% 
utilization  of  available  stroke.  Strain  gages  placed  on  the  TOR-SHOKs  to  aid  in 
evaluation  of  seat  system  performance  gave  force  readings  which  were  generally 
much  higher  than  the  preset  forces  specified  in  the  design.  Since  deformation  of 
the  TOR-SHOK  cylinders  was  evident  in  some  cases  (oil-canning  of  the  TOR-SHOK 
end  cap,  etc.),  the  force  gages  will  give  higher  readings  than  actual  due  to  the 
occurrence  of  some  plastic  deformation  of  the  TOR-SHOK  tubing. 

Some  additional  comments  on  the  performance  characteristics  of  the 
crashworthy  seat  appear  warranted.  It  should  be  noted  that  the  upper  or  top 
TOR-SHOKs  do  not  stroke  but  rotate  during  the  initial  vertical  displacement  of 
the  bucket.  Consequently  during  this  period  of  time  the  vertical  deceleration  of 
the  bucket,  as  shown  in  Figure  17,  is  well  within  the  tolerance  level  specified  by 
MIL-S-58095  (AV).  However  since  all  the  energy  must  be  absorbed  within  8 
inches  of  vertical  displacement,  the  upper  TOR-SHOKs  after  rotation  to  the 
horizontal  position  has  been  completed,  then  start  to  stroke,  which  provides  for 
an  additional  component  to  the  bucket  vertical  deceleration.  As  the  bucket 
moves  further  vertically,  the  upper  TOR-SHOKs  have  rotated  to  on  almost  verticol 
position  (which  contributes  even  further  to  the  bucket  verticol  dcceieratioi.)  and 
in  addition,  due  to  their  small  stroking  capacity,  start  to  slide  the  helical  wire 
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elements  which  further  Increeses  the  force  level  in  the  upper  TOR-SHOKs.  These 
two  combined  effects  cause  the  "bottoming  out"  effect  shown  In  the  vertical  seat 
pan  deceleration  curve  of  Figure  1 7 (first  curve).  The  Increase  In  the  force  level 
of  the  top  TOR-SHOKs  when  the  wire  is  sliding  is  shown  in  Figure  18.  Also  shown 
In  this  figure  is  the  relative  constant  values  of  the  middle  TOR-SHOKs  which  do 
not  experience  any  appreciable  wire  sliding.  For  this  Impact  condition,  the  bottom 
TOR-SHOKs  do  not  experience  ony  appreciable  stroking  and  consequently  were  not 
instrumented.  The  bottom  TOR-SHOKs  do  stroke  when  large  lateral  accelerations 
are  experienced  by  the  seat  pan. 

In  order  to  insure  a soft  "bottom! n»  out"  condition  of  the  seat  pan  in  the 
vertical  direction,  the  support  rings  In  tho  upper  or  top  TOR-SHOKs  were  a 
necessity,  due  to  the  vary  limited  available  displacement  of  the  bucket  and  the 
length  of  the  upper  or  top  TOR-SHOKs.  8y  use  of  the  multiple  force  varlafion 
of  the  upper  or  top  TOR-SHOKs  and  the  rotation  angle,  the  vertical  deceleration 
of  the  seat  pan  can  be  made  constant  at  a tolerable  level  for  most  of  its  travel 
but  yet  retain  a soft  "bottoming  out"  condition,  os  shown  in  the  first  trace  of 
Figure  17.  It  should  be  noted  that  this  trace  represents  a very  severe  crash 
condition,  namely,  a 95th  percentile  crash  (50  feet  per  second)  and  the  relatively 
large  weight  cf  a 95th  percentile  pilot.  If  either  or  both  of  these  two  conditions 
are  reduced  in  severity,  say  a 50th  percentile  crash  and  a 50th  percentile  pilot, 
this  soft  "bottoming  out"  condition  would  not  exist  and  the  maximum  seat  pan 
decelerations  would  be  well  within  the  tolerable  limits  specified  by  Ml  L-S- 
53095  (AV).  Based  on  the  maximum  available  seat  displacement  of  7-1/2  to  8 
Inches,  the  present  design  optimizes  the  intent  of  Ml L-S- 58095  (AV)  which 
specifically  requirei  a minimum  vertical  scat  pan  displacement  of  12,  and  net 
7-1/2  to  8 Inches. 


Sine*  the  present  ARA,  Inc.  design  was  tailored  to  fit  existing  aircraft 
configurations  as  well  as  using  existing  OFE  seat  components,  the  performance  of 
the  present  scot  in  tarns  of  tolerable  vertical  decelerations  appears  to  be  optimized. 

The  vertical  dummy  decelerations  are  largely  dictated  by  not  only  the 
vertical  teat  pan  deco  I era  Hors  but  in  addition,  by  the  elasticity  in  the  restraint 
system.  Unfortunately  the  dummy  experiences  no  vertical  deceleration  until  half 
of  the  impulse  deceleration  duration  was  been  experienced  (See  Figure  17,  fourth 
curve).  This  characteristic  means  that  the  elasticity  of  the  restraint  system  provides 
no  restraint  initially,  but  then  the  restraint  system  "catches  up"  with  the  dummy, 
resulting  in  high  vertical  deceleration  loads.  This  situation  can  be  alleviated  by 
relocating  the  inertia  root  to  the  top  of  the  armored  bucket  (which  reduces  the 
length  of  shoulder  harness  webbing  and  consequently  the  stretch  of  the  webbing), 
as  well  as  by  reducing  the  stretch  of  the  shoulder  harness  restraint  by  stiffer  and / 
or  wider  webbing.  When  these  modifications  are  made  in  the  restraint  system, 
further  improvements  in  the  dummy  vertical  deceleration  will  be  obtained. 

Comparison  of  restraint  effectiveness  with  an  aluminum  faced  bucket  using 
aluminum  oxide  tile.  In  comparison  to  the  epoxy  fiberglass  backed  boron-carbide 
bucket  tested  in  Reference  2,  appears  warranted.  The  epoxy  fiberglass  boron- 
carbide  bucket  was  found  to  be  extremely  more  flexible  than  the  aluminum  backed 
aluminum  oxide  mosaic  tile  GFE  bucket.  Even  after  the  epoxy  fiberglass  bucket 
was  reinforced  with  additional  aluminum  brackets,  during  a forward  facing  sled 
test  conducted  at  the  ARA,  Inc.  facility,  the  dummy  moved  forward  in  the  bucket 
to  a point  where  he  was  almost  completely  out  of  the  sect.  Due  to  the  elasticity 
of  the  back  of  the  bucket  and  the  shoulder  restraint  system,  the  use  of  energy 
absorber  alleviation  was  meaningless  since  the  restraint  system  in  the  forward 
direction  was  completely  inadequate.  The  bucket  and  restraint  system  elasticity 
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do  not  absorb  energy,  but  merely  store  the  energy/  and  >4>ei  release  It  In  the  form 
of  a forge  tcbcsFtd  velocity.  In  order  to  ovoid  this  sltauHon  the  elasticity  of  the 
basket  »«S  the  shoulder  restraint  must  be  reduced.  Thus  the  use  of  the  olixwlnum 
bggkad  ccggmlc  Hie  bucket  oppcars  mandatory  for  crashworthy  dynamic  response. 
Although  epoay  f&crclcsa  eeramlc  Hie  could  be  used  for  the  sides  end  possibly 
for  the  bottom  of  Hie  bucket  If  odequate  fastening  procedures  ore  used,  the  manu- 
facturing costs  of  the  aluminum  backed  bucket  Is  considerably  less  than  the  epoxy 
fSborg leas  backed  bucket,  and  therefore,  the  aluminum  backed  bucket  should  be 
considered  at  the  meet  optimum  configuration. 

Obviously  further  Improvements  In  cockpit  design  will  allow  for  better 
performance  In  sect  pan  decelerations  by  permitting  optimum  vertical  seat  pan 
displacements.  Improved  restraint  systems,  thsfr  optimum  location  on  the  bucket, 
and  stiff  scat  beck  buckets  will  improve  tha  vertical  deceleration  response  of  the 
occupant.  Thus  much  remains  to  be  done;  however,  the  present  crashworthy  armored 
fls^esat  demonstrates  the  enormous  Improvement  In  crash  survivability  that  can 
be  accomplished  using  exisHng  cockpit  arrangements  and  existing,  relatively  in- 
expensive, ensured  buckets.  This  Improvement  can  be  mode  at  a negligible  weight 
and  cost  penalty  over  present  non-creshworfhy  fixed  seats. 
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APPENDIX  A 

STRESS  ANALYSIS  OF 
SEAT  FRAME  COMPONENTS 
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Test  Report  No.  P-72683 


REPORT  SUMMARY  SHEET 


5mponent/Parts : 

jlicopter  Seat,  Seat  Frame 
jsembly  and  Complete  Seat 
tsembly 


Program: 


Originators  Report  No.:  F-72683 


riginator's  Report  Title: 
jpcrt  of  Environmental  Tests 


Test  Completed:  2-23-73 

Report  Completed:  5-10 >73 


Test  Type:  Qualification 


deifications:  A.  MIL-S-58095  AV  B.  MIL-STD-810B,  Notice  1 


GH  TEMPERATURE 

TEST  - Seat  Frame  Assembly 

ecif ications : 

A.  Paragraph  4. 5. 4.1 

B.  Method  501,  Procedures  I and  II 

st  Conditons: 

I - Exposure  to  160*F  for  48  hours,  operation  at 

160°F,  and  post-test  operation  at  room  ambient 
temperature. 

II  - Exposure  to  3,  12-hour  temperature  cycles,  120* F 
for  6 hours,  154*F  for  four  (4)  hours  with  one 
(1)  hour  transitions;  then  stabilization  and  oper- 
ation at  160®F  and  post-operation  at  room  ambient. 

suits: 

No  indication  of  malfunction  or  evidence  of  damage. 

(?  TEMPERATURE 

TEST  - Seat  Frame  Assembly 

»cif ications : 

A.  Paragraph  4. 5. 4. 2 

B.  Method  502,  Procedure  I 

>t  Conditions: 

Stabilization  for  4 hours  and  operation  at  -65#F  and 
post  operation  at  room  ambient. 

suits : 

No  indication  of  malfunction  or  evidence  of  damage. 

1IDITY  TEST  - 

Seat  Frame  Assembly 

seif  ications : 

A.  Paragraph  4. 5. 4. 3 

B.  Method  507,  Procedure  I 

t Conditions : 

Exposure  to  95%  RH  with  temperature  cycled  from  90  to 

160  to  908F  in  24  hour  cycles  for  10  cycles,  post  oper- 
ation at  room  ambient. 

ults : 

No  evidence  of  damage  or  deterioration. 

Test  Report  No.  F-72633 


REPORT  SUMMARY  SHEET 


FUNGUS  TEST  - Representative  Samples 


Specifications ; A.  Paragraph  4. 5. 4. 4 

B.  Method  508 


Test  Conditions:  Exposure  to  95%  RH  at  86°F  for  28  days  after  innocu 

lation  with  specified  spore  suspension. 


Results : 


No  evidence  of  fungus  growth  or  attack. 


SALT  FOG  TEST  - Seat  Frame  Assembly 


Specifications : 


A.  Paragraph  4. 5. 4. 5 

B,  Method  509 


Test  Conditons: 


tesults : 


Exposure  to  fog  from  a 5%  solution  for  48  hours  at  95 
®F.  Post  test  operation. 

No  evidence  of  damage  or  deterioration. 


>UST  TEST  - Seat  Frame  Assembly 


icif ications : 


A.  Paragraph  4. 5. 4. 6 

B.  Method  510 


est  Conditions;  Exposure  to  dust  at  0.22  grams/ft  and  1740  feet/minute 

for  6 hours  at  73°F  and  6 hours  at  145°F  with  16  hours 
at  145 4F , no  dust,  240  feet/minute  air  between  6 hour 
exposures . 


esults: 


No  visible  evidence  of  damage. 


CB RAT ION  TEST  - Complete  Seat  Assembly  with  anthropormorphic  dumm 


>ecif  ications : 


:st  Conditions: 


: suits : 


A.  Paragraph  4. 5. 4. 7 

B.  Method  514,  Procedure  I,  Parts  1,  2,  and  3. 

3 hours  of  vibration,  resonance  search,  dwell  and 
cycling  in  each  of  three  (3)  axes,  5 to  500  Hz  maxi- 
mum of  +2.5  g. 

No  visible  evidence  of  damage  or  deformation. 


SUMMARY  OF  REPORT 


s test  item  completed  the  test  program  without  visible  evidence  of 
ysical  damage  or  deterioration. 


. - * - - 
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NOTICES 


When  government  drawings,  specifications,  or  other  data  are 
used  for  any  purpose  other  than  in  connection  with  a definitely 
related  government  procurement  operation,  the  United  States 
Government  thereby  incurs  no  responsibility  nor  any  obligation 
whatsoever;  and  the  fact  that  the  government  may  have  formulated, 
furnished,  or  in  any  way  supplied  the  said  drawings,  specifications, 
or  other  data,  is  not  to  be  regarded  by  implication  or  otherwise 
as  in  any  manner  licensing  the  holder  or  any  other  person  or 
corporation,  or  conveying  any  rights  or  permission  to  manufacture, 
use,  or  sell  any  patented  invention  that  may  in  any  way  be  related 
thereto. 


Report  No.  F-32683 
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Test  Report  No.  P-72683 


ADMINISTRATIVE  DATA 


1.  PURPOSE  OF  TEST:  To  perform  Environmental  Tests  to  deter- 

mine the  extent  of  compliance  with  the 
specifications  cited  below. 


2.  MANUFACTURER: 

3.  DESCRIPTION  OF  TEST  ITEM: 


4 . REFERENCES : 


ARA , Inc. 


HELICOPTER  Seat 


MIL-S-58095 (AV)  and  MIL-STD-810B 


5.  QUANTITY  OF  TEST  ITEMS:  One  (1)  Seat  Frame  Assembly  and  one  (1) 

Completely  Assembled  Seat 


6.  SECURITY  CLASSIFICATION:  Unclassified 


7 . DATE  TESTS  COMPLETED : 


2-23-73 


8.  TESTS  CONDUCTED  BY : Ogden  Technology  Laboratories , Inc. 

1536  East  Valencia  Drive 
Fullerton,  California  92631 


9.  TEST  ITEM  DISPOSITION: 


Returned  to:  ARA,  Inc. 

2017  West  Garvey  Avenue 
West  Covina,  Calif.  91790 


10.  PURCHASE  ORDER  NUMBER:  2514 


11.  SOURCE  INSPECTION: 


DCAS  QAR,  and  OTL  QA 


12 . GOVERNMENT  CONTRACT  NO.:  N62269-72-C-0657 

B-  6 - 


Test  Report  No.  F-72683 


FACTUAL  DATA 


1.0  DESCRIPTION  OF  TEST  APPARATUS 

1.1  All  quantitative  test  measurements  were  made  with  certified 
accurate  instruments  in  current  calibration,  and  all  instru- 
ments used  had  a valid  calibration  sticker  attached.  All  in- 
struments were  calibrated  in  accordance  with  MIL-C-45662A  and 
MIL-Q-9858A.  A list  of  the  test  apparatus  follows: 


1.2  HIGH  TEMPERATURE  TEST 

Leatherman  High  Temperature  Chamber,  Controlled  by  Honeywell 
S/N  935809,  -100  to  +20G°F?  calibrated  at  6 month  intervals 
due  1-20-73.  OTL  Control  No.  5009 


1.3  LOW  TEMPERATURE  TEST 

Conrad  High-Low  Temperature  Chamber,  controlled  by  Honeywell,  S/N 
948196,  -125  to  +325°F,  1%  accuracy;  calibrated  at  6 month  in- 
tervals due  2-15-73.  OTL  Control  No.  453 


1.4  HUMIDITY  TEST 

Fielden  Humidity  Chamber,  controlled  by  Honeywell,  S/N  954704, 
0 to  200®F,  1%  accuracy;  calibrated  at  6 month  intervals  due 
2-22-73.  OTL  Control  Nc.  5275 


1.5  FUNGUS  TEST 

Leatherman  Fungus  Chamber,  3'  x 3'  x 3',  0 to  200®F,  1%  accuracy 
controlled  by  Honeywell,  S/N  844905,  calibrated  at  6 month  intervals 
due  5-9-73.  OTL  Control  No.  5006 


1.6  SALT  FOG  TEST 


Industrial  Filter  Salt  Spray  Chamber,  Model  411-1C,  S/N  53736, 
♦1%  accuracy,  ambient  to  +140*F,  calibrated  at  6 month  intervals 
<fue  1-16-73.  OTL  Control  No.  1853 

Sargent  Specific  Gravity  Scale,  1.000  to  1.070;  calibration  Not 
Required.  OIL  Control  No.  67108 

LaMotte  Chemical  Co.  Colormatic  Comparator,  By-Color  Reader, 
Calibrated  by  Manufacturer.  OTL  Control  No.  E-2701-5 
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Test  Report  No.  F-72683 


FACTUAL  DATA 


1.7  DUST  TEST 

Leatherman  Sand  and  Dust  Chamber,  2'  x 2'  x 2',  0-200*F,  1% 
accuracy,  9%  RH,  controlled  by  Honeywell,  S/N  535807;  calibrated 
at  6 month  intervals  due  4-11-73.  OTL  Control  No.  5008 


1.8  VIBRATION  TEST 

Feldmar  Stop  Watch,  Model  601;  calibrated  at  12  month  intervals 
due  9-14-73.  OTL  Control  No.  3021 

Bruel  & Kjaer  Automatic  Exciter  Control,  Model  1025;  calibrated 
at  6 month  intervals  due  7-26-73.  OTL  Control  No.  1495 

Endevco  Accelerometer,  Model  2242;  calibrated  at  6 month  intervals 
due  7-10-73.  OTL  Control  No.  2673 

Unholtz-Dickie  Amplifier,  Model  8 PMCV;  calibrated  at  6 month 
intervals  due  3-19-73;  OTL  Conti ol  No.  585 

Endevco  Accelerometer,  Model  2245;  calibrated  at  6 month  intervals 
due  3-16-73.  OTL  Control  No.  2135 

Unholtz-Dickie  Amplifier,  Model  8 PMC;  calibrated  at  6 month 
intervals  due  2-24-73.  OTL  Control  No.  1162 

Honeywell  X-Y  Recorder,  Model  320;  calibrated  at  6 month  intervals 
due  3-1-73.  OTL  Control  No.  3208 

Moseley  Log  Converter,  Model  60D;  calibrated  at  6 month  intervals 
due  3-14-73.  OTL  Control  No.  3220 

MB  Power  Amplifier,  Model  5140;  calibration  Not  Required 
MB  Vibration  Exciter,  Model  C-210;  calibration  Not  Required 
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2.0  TEST  PROCEDURES 


2.1  GENERAL 

2.1.1  The  tests  were  conducted  in  strict  accordance  with  MIL-STD-810B 
as  outlined  in  MIL-S-58095,  Paragraph  4. 5. 4.1  through  4. 5. 4. 7. 

The  following  discussion  is  to  provide  details  of  the  testing  and 
to  assist  in  the  interpretation  of  the  test  data. 

2.1.2  Only  the  Seat  Frame  Assembly  was  subjected  to  the  Temperature, 
Humidity,  Salt  Fog  and  Dust  Tests.  The  complete  Seat  Assembly 
was  subjected  to  the  Vibration  Test.  Representative  samples 
were  subjected  to  the  Fungus  Test. 


2.2  HIGH  TEMPERATURE  TEST  {Method  501  of  MIL-STD-810B) 

2.2.1  Procedure  I - The  test  item  was  installed  in  the  test  chamber 
as  shown  in  Photograph  No.  I and  exposed  to  a temperature  of 
160*  F for  48  hours. 

At  the  conclusion  of  the  test  the  unit  was  operated  at  160* F, 
the  lever  was  actuated  and  the  spring  loading  was  reset.  The 
operation  was  repeated  after  the  unit  was  returned  to  room  am- 
bient temperature. 


2.2.2  Procedure  II  - The  test  chamber  was  programmed  for  the  following 
temperature  cycle: 

a.  6 hours  at  120* F 

b.  120*F  to  154*F  in  one  (1)  hour 

c.  154* F maintained  for  4 hours 

d.  154*F  to  120*F  in  one  (1)  hour 

The  test  item  was  subjected  to  three  (3)  consecutive  programmed 
cycles.  At  the  conclusion  of  the  test  the  unit  was  operated  at 
120* F and  again  at  room  ambient  temperature. 


2.3  LOW  TEMPERATURE  TEST  (Method  502,  Procedure  I) 

2.3.1  The  test  item  was  installed  in  a test  chamber  and  subjected  to 

a temperature  of  -65* F until  the  unit  was  completely  stabilized, 
approximately  four  (4)  hours. 

Vw 

2.3.2  Following  stabilization  the  unit  was  operated  at  the  low  tempera- 
ture. 
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2.3.3  The  test  item  was  then  stabilized  at  room  ambient  temperature 
and  operated. 

2.4  HUMIDITY  TEST  (Method  507,  Procedure  I) 

2.4.1  The  test  chamber  was' programmed  for  the  following  temperature 
cycle  with  the  relative  humidity  maintained  at  95+5  %i 

a.  Room  ambient  to  160#F  in  2 hours 

b.  160*F  maintained  for  6 hours 

c.  160°F  gradually  to  room  ambient  (68  to  100 *F) 

2.4.2  The  test  item  was  installed  in  the  test  chamber  and  subjected  to 
10  continuous  and  consecutive  programmed  cycles. 

2.4.3  At  the  conclusion  of  the  test  the  test  item  was  operated  and 
inspected  for  evidence  of  corrosion  or  deterioration. 


2.5  FUNGUS  TEST  (Method  508) 

Representative  samples  of  the  Seat  Materials  were  sprayed  with 
fungus  spores  and  incubated  for  28  days.  The  spore  suspension 
was  prepared,  the  units  were  innoculated  and  inspections  were 
performed  by  a Ph.  D.  Mycologist. 


2.6  SALT  FOG  TEST  (Method  509) 

2.6.1  The  test  item  was  installed  in  the  salt  spray  test  chamber  and 

subjected  to  a wet,  dense,  salt  fog  from  a 5%  solution  for  48  hours, 
additional  information  was  as  follows: 


Type  of  Salt: 

Type  of  Water: 
pH  of  Solution : 

S.G.  of  Solution: 
Chamber  Temperature: 


Mortons  999  (99.598  NaCl) 
Distilled 
6.8 
1.040 

Maintained  at  +95®F 


2.6.2  At  the  conclusion  of  the  exposure  the  test  item  was  removed  from 
the  chamber,  salt  deposits  were  washed  off  with  tap  water  and  the 
test  item  was  visually  examined  for  deterioration  or  corrosion. 
The  test  item  was  then  subjected  to  a Operation  Test. 
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2.7.1 


DUST  TEST  (Method  510) 

The  test  item  was  installed  in  the  test  chamber  as  shown  in 
Photograph  No . 2 . 


2.7.2  The  test  chamber  was  programmed  for  the  following  conditions: 


Dust  Density  - 0.22  grams  per  cubic  foot 

Air  Velocity  - 1740  feet  per  minute 

Temperature  - 73°F 

Relative  Humidity  - Less  than  22% 


- 73eF 


The  test  item  was  exposed  to  these  conditions  for  6 hours. 

2.7.3  The  chamber  was  then  programmed  for  the  following: 

Dust  Density  - None,  dust  turned  off 

Air  Velocity  - 240  feet  per  minute 

Temperature  - 14 5* F 

* Relative  Humidity  - Less  than  10% 

These  conditions  were  maintained  for  16  hours . 

2.7.4  The  conditions  of  paragraph  2.7.2  were  then  imposed  on  the  test 
item  for  six  (6)  hours  except  that  the  temperature  was  maintained 
at  145#  F . 

2.7.5  At  the  conclusion  of  the  test,  the  test  item  was  removed  from 
the  chamber.  Dust  deposits  were  brushed  off,  and  the  test  item 
was  visually  examined  for  damage.  The  test  item  was  then  operated. 

2.7.6  Following  the  Dust  Test,  the  Seat  Frame  Assembly  was  returned  to  A 
ARA,  Inc.  for  assembly  with  the  Seat  for  the  Vibration  Test. 

2.8  VIBRATION  TEST  (Method  514.1,  Procedure  I,  Part  1) 

2.8.1  Installation 

The  Seat  Assembly,  with  an  anthropomorphic  dummy  installed,  was 
mounted  on  the  head  of  the  vibrator,  as  shown  in  Photograph  No. 

3,  for  vertical  axis  vibration. 

The  assembly  was  mounted  on  Team  Tables  for  vibration  in  the  other 
two  (2)  axes  as  illustrated  in  Photograph  No.  4. 

2.8.2  Instrumentation 


The  control  accelerometer  was  mounted  on  the  test  fixture.  A 
monitor  accelerometer  was  mounted  on  the  bottom  of  the  seat.  Both 
accelerometers  were  maintained  in  the  axis  of  vibration.  The  out- 
puts were  recorded  on  an  X-Y  recorder  as  indicated  below. 
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2.8.3  Vibration 


The  Seat  Assembly  was  subjected  to  three  (3)  hours  of  vibration  in 
each  of  three  (3)  orthogonal  axes.  Testing  consisted  of  a reson- 
ance search,  dwell  vibration  at  resonance  (as  applicable),  and 
cycling  vibration  at  the  following  levels: 


(Curve  M,  Figure  514.1-3 

, reduced  50%).  . . 

Frequency  Range  (Hz) 

Levels 

5-20 

0.1  inch  da 

20  - 33 

t 2 9 

33  - 500 

+ 2.5  g 

A summary  of  the  testing  follows: 

Axis 

Test  Description 

Duration  (Minutes) 

Recorded 

Vertical 

Resonance  Search  & 

Control  and 

Cycling  5 - 500  - 5Hz 

60 

Response 

Dwell  at  29  Hz 

30 

Dwell  at  34  Hz 

30 

Dwell  at  50  Hz 

30 

Dwell  at  435  Hz 

30 

Front  to 

Resonance  Search 

15 

Control  and 

Back 

Dwell  at  43  Hz 

30 

Response 

Cycling  5-500-5  Hz 

135 

Response,  1 
Cycle 

Side  to 

Resonance  Search 

15 

Control  and 

Side 

Response 

Cycling  5-500-5  Hz 

165 

None 

At  the  conclusion  of  the  tests 

in  each  axis,  the  test  item  was 

visually  examined  for  damage. 

2.8.6  At  tne  conclusion  of  the  test,  the  test  item  was  returned  to  AP/*, 
Inc.  for  final  evaluation. 

NOTE:  Rods  were  installed  on  the  test  item  at  the  beginning 

of  the  testing.  These  rods  were  not  a part  of  the 
test  item,  but  were  installed  for  information  purposes 
by  ARA,  Inc. 


\‘ 

\ 


I 

f 


t 

! 

! 


I 

\ 

| 

i 


i 

I 

i 


12  - 


3.0 


3.1 


3.2 


3.3 


3.4 


3.5 


3.6 


Test  Report  No.  P-72683 


FACTUAL  DATA 


RESULTS  OF  TESTS 


GENERAL  ] 

i 

The  test  item  completed  the  test  program  without  visible 

evidence  of  physical  damage  or  deterioration.  j 


HIGH  TEMPERATURE 

There  was  no  visible  evidence  of  damage  resulting  from  the 
exposure,  and  operation  was  normal  at  160*F,  120  F,  and  at 
room  ambient  temper atute  following  the  tests. 


LOW  TEMPERATURE 

The  test  item  operated  normally  at  -65#F  and  at  room  ambient 
following  the  test.  There  was  no  visible  evidence  of  deter- 
ioration noted , 


HUMIDITY  TEST 

There  was  no  visible  evidence  of  corrosion  or  deterioration,  and 
the  test  item  operated  normally,  at  the  conclusion  of  the  test. 


FUNGUS  TEST 

The  three  (3)  test  samples  showed  no  evidence  of  fungus  growth. 


SALT  FOG  TEST 

There  was  no  evidence  of  corrosion  or  deterioration,  and  the 
test  item  operated  normally  at  the  conclusion  of  the  test. 


3.7  DUST  TEST 

There  was  no  visible  evidence  of  damage,  and  operation  was  normal 
at  the  conclusion  of  the  test. 


3.8  VIBRATION  TEST 

There  was  no  visible  evidence  of  physical  damage  resulting  from 
the  vibration. 
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4.0  TEST  DATA 

4.1  GENERAL 

All  information  recorded  on  data  sheets  is  reproduced  in  this 

section  in  the  following  order*. 

4.2  HIGH  TNPERATURS  TEST 

One  (1)  exposure  data  sheet  fcr  Procedure  I and  one  (1)  for 
Procedure  II. 

4.3  LOW  TEMPERATURE 

One  (1)  exposure  data  sheet. 

4.4  HUMIC ITT  TEST 

One  (1)  exposure  daita  sheet  and  a typical  24-hour  circular  chart. 

4.5  FUNGUS  TEST 

Mycological  Report,  one  (1)  page. 

4 . 6 SALT  ROC  TEST 

One  (1 i exposure  data  sheet. 

4.7  DUST  TEST 

One  (1)  exposure  data  sheet. 

4.8  VIBRATION  TEST 

One  (1)  exposure  data  sheet,  a sketch  showing  test  axes  design- 
ations, and  10  X-Y  recordings  are  presented. 

4.9  PHOTOGRAPHS 

Photographs  are  reproduced  at  the  end  of  this  section,  as  follows 

No.  1 - Typical  Test  Chamber  Installation 
No.  2 - Dust  Test  Setup 
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PHOTOGRAPHS  (Continued) 

No.  3 - Vertical  Axis  Vibration  Test  Setup 
No.  4 - Typical  Horizontal  Axis  Test  Setup 

TEMPERATURE  CHARTS 


Temperature  charts  will  be  retained  on  file  at  OTL,  File  No. 
F-72683,  and  can  be  made  available  to  authorized  persons  on 
request. 


Date  Started 


'rf,er/?£  U?AS  At* 

9 

a/ot-^D  ZkSc?  7*>  W>&  ttv**U/rzf 


Pace  No.  Bio 


Report  No  •t"»  n n r r*  -> 


Frank  E.  Swatek,  Ph.D. 

Industrial  & Mycological 
Consultant 

812  STEVELY  AVENUE 
LONG  BEACH  . CALIFORNIA  <1  OBIS 

DATE:  1-17-73 

JCB  NO.  F-72683 


CLIENT:  Ogden  Technology  Laboratories,  Inc. 

ITH-I:  Three  (3)  Helicopter  Seat  Parts  (ARA,  Inc.) 


INVESTIGATION:  Fungus  resistance  test  in  accordance  with  specification. 

PROCEDURE:  The  unit  was  sprayed  with  a suspension  of  viable  fungus  spores  in 

accordance  with  specification  Mil -STD-8103  • 

Spores  from  the  following  fungi  were  used: 

Chaetomlum  globosum  ATCC  6205 
Aspergillus  nlger  NLabs  386 
Aspergillus  flavus  NLabs  jBO 
Penicilliun  funiculosum  NLabs  391 
Aspergillus  versicolor  NLabs  432 

The  specimen  was  placed  in  the  test  chamber  with  an  internal 
temperature  of  86  1 4®  and  a relative  humidity  of  95£  1 5‘>.  This 
is  accomplished  by  means  of  a heater  innersed  in  water  within  the 
chamber  which  is  controlled  by  a thermocouple  placed  in  the 
chamber  atmosphere,  set  to  regulate  the  ambient  temperature.  At 
the  end  of  the  28  day  period  the  unit  was  visually  examined  for 
the  presence  of  fungus  growth  and/or  material  deterioration. 

CONTROLS:  After  14  days  all  three  (3)  control  material  show  fungus 

growth . 


RESULTS:  There  is  no  evidence  of  fungus  growth  on  the  external 

surfaces  of  the  three  (3)  test  specimens. 
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Customer 


Specimen 

Specification  No . 7~T) 

Preparation  of  Specimen(s) 


Part  No. 


Para.  No. 


Serial  No 


Protective  Coating  or  Covering  for  Non-Tested  Parts 

aA 


Vents,  Ports,  Connectors,  etc.  Capped:  Y No Remarks. 


OOOBN  TCCHNOLOOV  LABORATORIES,  INC. 

SAND  AND  DUST  DATA  SHEET 

Customer  

Specimen  ^£/$rT  Part  No. 

Specification  No .AAjJ'STD  j3  Para.  No. J[ 

Preparation  of  Specimen ( s) a//9 


Protective  Covering  on  Non-Tested 


Job  Number /•- 
Date  /-//-, 
Page  Number_ 

Serial  No 


Support  Method MlL&ZL  CzJ1jcSL2 

Orientation  of  Specimen(s) . 

Chamber  Controls:  Sand  and  Dust  Dens 

Wind  Velocity  y 7?" 
Relative  Humidity_ 
Temperature  ‘/'S 

Elapsed  Sand  And  Dust  Air 
Time  Density  Velocity 

(ft/minute 


Temperature  ( °F 


jrcent 


Relative 

Humidity 


W3\ 


Remarks 


Results:  Damage  or  Deformation: 

Photograph  taken:  Yes  fs  No 

Test  Technlcian^^>^y<^^r7^/>j 
Inspector  (Customer/GOv't)  ^ 


Yes No  (explain  above) 

\ Test  Engineer 


Quajaty  Assurance  Manager 


«C«S"Cl  * €%•««  » O, 


!/\  A/-AAAfc/ \aaAA/}v  \/  v A/\  .*  \ A A A A/a  a/\  A/';  AaAA 

'i  > 7.y  \ / \ /j  / \/a  \ \i\y\'j  / v a /.\  / vA/'v  x T 

7 a / aYxAA  rwVA/i\/\  ;\ A A / \ 7 \Xv  f X 
j\/v  \/\/j/v  */\{  viv  y\/y\/  VWY  - A * yv7  yV  ;/iyv\  \A/  V 
lA  A A >;\  A LX  A A 7 K/V  \ AAr  A A >X7  \ A A A A A A A A A A 7j2h  A A 
DvA/WVV  yXAAcYv  ' 7 v i \ /v  yx  A /V^Aa/V  w x/y  \ 7v/  w 
A7jA/v:\A7X/'A/\'A7\:AiAA7;\A/\;aAaAa/\A 

[\7\  / \ 7\:/\  A.  ' A A )-\  A:/v  /\  /U  , \ /X  /\I  /\  y\  ~/\  ,:\ y\  ;/v/\ /\  /\  A A / WV/N  7 

AAA/;7\AaAA7\AAAAAA3SAAAAAA7^^ 
7-\/*  V-X'  yX?  v /Vix  A >*  VXA/\  A/NA/X  A A a/.\/  \7vA7y 
^A  A A A Tyx : A;  A A A A 7\AAA  A A / \ ATS1  A/ \7\A  A 
' v/y  \ /;yy  \ Ay  V\/  v?V V V Y v\ A A/y  \ A/y 
, A7\ AAA/'T  \ A A/yYA  A"AA’AAA;/Vi\7i\A 
v/\7  ;./\/i\7v  \/\A /VXAAAZ VVNA^  V YvA/ : 
a*/\a  AA  7y  7 A A A A/\A  A ATX  AA  A /\A  A 
’ " ' A7 

v\  A A AAA  A/'  AA  A7j  / \A  A7\ 
/ \/\  7 y yjy  y \ A/  yy\A  /yXTXT  y 
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y 

CTKf/vWsTvlv 
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